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Aim: To evaluate the effect of age and level of long-term training 
on knee cartilage response to exercise using magnetic resonance 
imaging T2 mapping 
Methods: Quantitative MRI T2-mapping of femoral-tibial articu- 
lar cartilage was performed on 37 healthy volunteers before and 
immediately after 30 minutes of running exercise. Subjects con- 
sisted of 22 marathon runners with greater than 2 years of long- 
term training, and 15 sedentary controls matched for age and 
body mass index. Each group was further stratified based on age 
less than 46 years to yield four groups: Young controls, young 
marathoners, old controls, old marathoners. 
Cartilage T2 values from the central region of the femoral tibial 
joint were grouped based on distance from the articular surface 
into 3 zones: superficial, middle, and deep. Femoral and tibial 
cartilage was analyzed separately. The mean T2 value from each 
cartilage zone was compared before and after running using a 
paired t-test for each group. Changes in mean cartilage thickness 
were compared before and after exercise using a paired t-test. P- 
value < 0.05 was considered statistically significant. 
Results: A decrease in cartilage thickness was observed for 35 
of 37 subjects. This change was statistically significant for both 
young marathoners and controls. Older marathoners demon- 
strated the smallest change in cartilage thickness, however; the 
change in cartilage thickness was not statistically different be- 
tween groups. 
After running, all groups demonstrated a significant decrease in 
T2 in the superficial zone of femoral and tibial cartilage. Except for 
the young control group, a statistically significant drop in T2 after 
running was observed in the middle zone of femoral, but not tibial 
cartilage. No change in T2 was observed in the deep zone. There 
was no significant difference in T2 change between groups. 
Conclusions: Results of this study demonstrate the feasibility of 
using in vivo MRI T2 mapping to study regional biomechanics of 
knee cartilage in response to exercise. There was a consistent 
spatial dependency of cartilage T2 response to exercise, with the 
greatest change occurring in superficial cartilage. The decrease 
in T2 was associated with a decrease in cartilage thickness sug- 
gesting the T2 change is a result of regional tissue consolidation 
in response to compressive loading. Previous studies evaluating 
T2 signal intensity changes to cartilage plugs placed under com- 
pression indicate the decrease in T2 is due to a decrease in water 
content, and increased anisotropy of superficial collagen fibers. 
Our results are consistent with previous studies on excised sam- 
ples that demonstrate greater compressibility of superficial carti- 
lage and suggest running produces focal tissue consolidation in 
the superficial zone. Based on these preliminary results we con- 
clude that aging and long-term endurance training do not alter the 
biomechanical response of cartilage to running exercise. 
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Aim: MRI of cartilage is a powerful tool in OA research, permit- 
ting to acquire morphological (e.g. thickness) and compositional 
information in vivo (e.g. GAG content via delayed gadolinium en- 
hanced MRI of cartilage [= dGEMRIC]), dGEMRIC requires intra- 
venous injection of an ionic contrast agent (gadopentetate dimeg- 
lumine = Gd = Magnevist) 90 min prior to imaging and is known to 
alter longitudinal relaxation times. As for clinical trials it is imprac- 
tical to collect information on cartilage morphology and composi- 
tion 90 min apart, the aim of this study was to analyze the impact 
of Gd on previously validated cartilage morphology analysis. 
Methods: 81 women were examined, 42 without OA (age 57.9 
4- 8.9 y, Kellgren Lawrence [KL] grade = 0) and 39 with early 
OA (age 59.5 4- 7.7 y, KL grade = 2 to 3). The participants were 
examined at 7 clinical sites, using Siemens Magnetom Trio, GE 
Signa Excite and GE Genesis Signa 3 Tesla magnets. Two coro- 
nal scans were obtained in each participant, using Tl-weighted 
spoiled gradient recalled (SPGR) sequences with selective water 
excitation at 1.0 mm slice thickness and 0.31 mm in plane res- 
olution. One scan (12 ° flip angle) was acquired before (preGd), 
and one scan (flip angles 12 ° , 15 ° , 25 ° or 35 ° ) 90 min after 
intravenous injection of Gd (postGd). Subchondral bone area 
(tAB), cartilage surface areas (AC), cartilage volume (VC), mean 
(ThC.Me) and maximal cartilage thickness (ThC.Max) were quan- 
tified in the medial tibia (MT), lateral tibia (LT), medial femoral 
condyle (cMF) and lateral femoral condyle (cLF) using proprietary 
software (Chondrometrics GmbH, Germany). 
Results: Systematic pairwise differences between post- and 
preGd measurements were non-significant and < 1%, except 
for the medial femoral condyle (cMF), in which the difference 
for postGd scans was +2.4% for tAB, +1.5% for AC, -1.6% for 
ThC.Me, and -2.2% for ThC.Max (all p _< 0.05). Systematic differ- 
ences varied between a flip angle of 12 ° (-2.2% for VC and-2.5% 
for ThC.Me, respectively) and other flip angles (0.3 to 1.2% and 
1.1 to 2.2% respectively). Average pairwise random differences 
between post- and pre-Gd scans ranged from 2.2 to 4.3% for tAB 
and AC, from 5.8 to 6.5% for ThC.Max, and from 4.8 to 7.0% 
for VC. The geometric mean of correlations for post- and pre-Gd 
scans ranged from r = 0.87 to 0.94 for tAB, VC and AC in different 
compartments of the knee, and were lower for ThC.Me (r= 0.82 to 
0.93) and ThC.Max (r = 0.66 to 0.84). Permutation tests indicated 
that reproducibility variance was significantly different for pre- and 
post-Gd scans. 
Conclusions: 90 min after GD injection there is a small, but sta- 
tistically significant bias on morphological MRI measurements of 
cartilage in one knee compartment which appears to vary with flip 
angle. The difference in reproducibility variance between pre and 
post Gd measurements varies with morphometric measurement 
and is not always larger for post Gd scans. 
